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Discussion
1 Introduction
The closed Study Item “Study on Licensed-Assisted Access using LTE” aimed at determining a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. A subsequent WI, “Work Item on Licensed-Assisted Access to Unlicensed Spectrum” was approved at RAN#68 in June 2015.  In RAN1#82 the following conclusion was reached:
Conclusions:

· Companies are encouraged to evaluate followings until the next RAN1 meeting:

· RRM measurement performance for DRS:

· Single shot cell detection performance

· Single shot RSRP measurement performance

· Candidate DRS structures with one or two CRS port(s):

· Rel-12 DRS for FDD

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)

· Also study the above cases when:

· PSS and SSS are repeated in frequency domain
· PAPR should be evaluated

· PSS and SSS are repeated in time domain

· Only SSS is repeated in time domain in the DRS subframe

· The minimum transmission bandwidth is 5 MHz
· This does not preclude measurement on 6 PRBs
· The transmission periodicity is the same as Rel-12 DRS
· Note that other DRS structures are not precluded
In this contribution we provide evaluation results of DRS performance in terms of single-shot cell detection probability, RRM measurement accuracy, and time-frequency synchronization. In addition we discuss the potential implications to RAN4 requirement work for LAA. This contribution is based on ongoing discussions in RAN1 presented in [1] and [2] for RAN1#82bis.
2 Discussion

In addition to DMTC configuration and transmission and measurement procedures Listen-Before-Talk requirements impact the design of -LAADRS occasion as well. Two key aspects have been identified in RAN1 LTE LAA AdHoc:

One shot LAA DRS measurements: The fact that DRS may need to be dropped from time to time has a direct impact on the latency of RRM measurements. In Rel-12, according to RAN4 performance requirements time domain averaging of several DRS samples is allowed for. However, in LAA the LBT requirements meant that time interval between consecutive DRS transmission occasions may not be constant and will in general increase. To be able to provide as timely RRM measurements as possible, it makes sense to strive for one-shot RRM measurements, and take that into account when designing the LAA DRS structure.    
Time-continuous DRS transmission: The LBT principle puts a new type of requirement on the design of eDRS: it needs to be preferably contiguous in time. If eDRS was not time-contiguous (i.e. it would contain transmission gaps, empty OFDM symbols), another transmitter in the unlicensed channel could detect this gap as an idle (unoccupied) channel, start a transmission and potentially hamper reception of eDRS at LAA UEs.
The need to perform LBT already creates a possibility that eDRS cannot be transmitted; it would therefore be a waste to let a valid eDRS transmission be interfered or interrupted by a competing transmission. Moreover, assuming the eNodeB needs to perform LBT prior to every transmission, a gap in the eDRS means that the eNodeB would need to perform LBT not only before the start of the eDRS transmission, but also during the gap, which hardly makes sense. Considering the Rel-12 DRS structure illustrated in Figure 1, it is apparent that the empty OFDM symbols #1,2,3, and 8 would cause issues with respect to LBT requirements. Hence it is clear that Rel-12 DRS design is not suitable for LTE LAA without at least some modifications.
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Figure 1: The structure of Rel-12 DRS, 1st subframe of the DRS occasion (FDD).

Moreover, shorter DRS duration is fairer towards other radio systems occupying the same spectrum such as WiFi. Furthermore, different operator’s networks cannot typically be assumed to be synchronized with respect to each other. This results in a situation where a DRS transmission from one LAA node may block the transmission from another one. The larger the LAA DRS duration, the more severe the problem is. Therefore, it is clear that shorter DRS occasion duration are preferred for LTE LAA.
3 LAA-DRS design
In this contribution we consider two potential LAA-DRS options for performance evaluation, as described in the following:

· Option 1: Rel-12 DRS, 2 CRS ports

· Option 2: LAA-DRS with 4 CRS symbols, 2 CRS ports
Options 1 and 2 are shown in Figures 2 and 3 below. In Option 2 the duration is shortened to 8 OFDM symbols compared to Rel-12 DRS design. Here, the LAA-DRS comprises of PSS/SSS, 2-port CRS in OFDM symbols 4 through 8, and possibly CSI-RS. Furthermore, in order to increase RE density for CRS, the REs corresponding to CRS AP#2 and AP#3 and re-mapped to AP#0, and AP#1, respectively. More detailed justification for the design choice can be found in [1]. 

[image: image2.emf]OFDM symbol  #

subcarrier # 0 1 2 3 4 5 6 7 8 9 10 11 12 13

0 SSS PSS

1 SSS PSS

2CRS AP1 CRS AP0 SSS PSS CRS AP1 CRS AP0

3 SSS PSS

4 SSS PSS

5CRS AP0 CRS AP1 SSS PSS CRS AP0 CRS AP1

6 SSS PSS

7 SSS PSS

8CRS AP1 CRS AP0 SSS PSS CRS AP1 CRS AP0

9 SSS PSS

10 SSS PSS

11CRS AP0 CRS AP1 SSS PSS CRS AP0 CRS AP1


Figure 2. The structure of option 1: 2 CRS ports (Rel-12 DRS, 1st subframe of the DRS occasion (FDD)).
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Figure 3. The structure of option 2: 2 CRS ports, re-using the same resource element positions as LTE PSS/SSS/CRS/CSI-RS.
4 Simulation results

The detailed simulation assumptions are shown in the Appendix. In this section we show simulation results for single-shot cell detection, RRM measurements, and time-frequency synchronization based on DRS. 
4.1 Cell detection
Figure 4 shows the single-shot cell detection probability using legacy PSS and SSS.  From Figure 3 it is clear that cell detection probability is 90% for SNR ≈ -1 dB, while it is ≈ 50% for SNR = -6 dB. Note that the results below do not include further confirmation or enhancement of the cell detection with CRS in LAA-DRS, neither any form of assistance from the licensed carrier. Moreover, thanks to LBT the SINR of the discovered cells will often be larger than in conventional network, and in case there are strong hidden nodes, LAA operation in general seems difficult regardless of whether the cells can be discovered or not. For the re-use case, similarly as discussed during Rel-12 [3], we are not sure of the benefits of finding very weak cells, and in principle we do not see a clear need to stick to -6 dB SINR requirement. Hence, we believe the cell detection probability given by single-shot detection is sufficient for LAA networks, but further evaluation and simulations would be needed once RAN1 has agreed on the final DRS design. 
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Figure 4: Single-shot detection probability for (a) PSS and (b) SSS. False alarm probably is negligible in both cases.
Observation 1: Single-shot cell detection with legacy PSS/SSS is feasible assuming higher operating of e.g. -1dB SNR for LAA operation (excluding measurement round). 
4.2 RRM measurements
Figures 5 and 6 present simulation results for achievable RSRP measurement accuracy assuming the DRS options 1 and 2 and AWGN channel. One-shot measurements, i.e. based on one single TTI, with 6 and 25 PRB measurement bandwidth is assumed. 
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Figure 5. CDF of RSRP measurement error with option 1, one-shot detection with (a) 6-PRB and (b) 25-PRB measurement bandwidth.
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Figure 6. CDF of RSRP measurement error with option 2, one-shot detection with (a) 6-PRB and (b) 25-PRB measurement bandwidth.

As can be seen from the figures, the achievable RSRP measurement accuracy in AWGN channel for both DRS options is within the limits set by the current RAN4 performance requirements (±6 dB). Hence it seems that one-shot DRS measurements are feasible with a DRS duration less than 1 ms. Accuracy of measurements is higher with larger SNR level, as expected. RAN4 would need to evaluate also other channels before final conclusion can be reached.
Observation 2: It would appear that in an AWGN channel, one-shot RSRP measurements based on LAA-DRS having duration of less than 1 ms can provide sufficient accuracy. RAN4 would need to evaluate also other channels to conclude whether it would be possible to achieve comparable accuracy as set by current LTE RSRP measurement accuracy requirements in 36.133 also accounting implementation impairments.
Proposal 1: RAN4 should consider whether 6PRB measurement BW is sufficient, or whether wideband RSRP measurements (25PRB) should be considered.
4.3 Time-frequency tracking

In Figures 7 and 8 we show the performance of DRS options 1 and 2 from the point of view of frequency tracking accuracy. In addition, Figures 9 and 10 show the performance of DRS options 1 and 2 from the point of view of time tracking accuracy. 
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Figure 7. CDF of frequency estimation error with option 1 and (a) 6-PRB and (b) 25-PRB measurement bandwidth.
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Figure 8. CDF of frequency estimation error with option 2 and (a) 6-PRB and (b) 25-PRB measurement bandwidth.
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Figure 9. CDF of timing estimation error with option 1 and (a) 6-PRB and (b) 25-PRB measurement bandwidth.
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Figure 10. CDF of timing estimation error with LAA-DRS, one-shot detection with (a) 6-PRB and (b) 25-PRB measurement bandwidth.

From Figures 7 and 8 it is can be seen that the frequency offset estimation with both structures is somewhat larger than with Rel-12 DRS, especially for 6PRB measurement. From time estimation accuracy point of view the performance is rather equivalent for both options.
Observation 3: Frequency offset estimation with both considered DRS structures is somewhat larger than with Rel-12 DRS, especially for 6PRB measurement. 

Observation 4: From time estimation accuracy point of view, the performance is rather equivalent for both options.
As discussed earlier, shorter DRS occasion duration are preferred for LTE LAA and under discussion in RAN1.  Once RAN1 has decided on the LAA-DRS structure, RAN4 would need to define the UE performance requirements. Due to time line of the WI it does not seem realistic to assume that we in RAN4 have much time to perform extensive evaluations on LAA-DRS before the structure is finally defined by RAN1. Given the basic constraints on the design and periodicity are already available from RAN1, we propose the following:

Proposal 2: RAN4 is to define scenarios and simulation assumptions for the DRS evaluation.
Proposal 3: RAN4 should discuss one-shot cell detection assumption and definition.
Proposal 4: RAN4 should discuss one measurement requirements and need for time domain averaging.
Proposal 5: RAN4 should consider higher SNR operating point when defining cell detection measurement requirements for LAA cells.
5 Conclusion
In this contribution we provide evaluation results of DRS performance in terms of single-shot cell detection probability, RRM measurement accuracy, and time-frequency synchronization. Based on the results we have observed the following:
Observation 1: Single-shot cell detection with legacy PSS/SSS is feasible assuming higher operating of e.g. -1dB SNR for LAA operation (excluding measurement round).
Observation 2: It would appear that in an AWGN channel, one-shot RSRP measurements based on LAA-DRS having duration of less than 1 ms can provide sufficient accuracy. RAN4 would need to evaluate also other channels to conclude whether it would be possible to achieve comparable accuracy as set by current LTE RSRP measurement accuracy requirements in 36.133 also accounting implementation impairments.
Observation 3: Frequency offset estimation with both considered DRS structures is somewhat larger than with Rel-12 DRS, especially for 6PRB measurement.
Observation 4: From time estimation accuracy point of view, the performance is rather equivalent for both options.
Based on these observations we have proposed the following:

Proposal 1: RAN4 should consider whether 6PRB measurement BW is sufficient, or whether wideband RSRP measurements (25PRB) should be considered.
Proposal 2: RAN4 is to define scenarios and simulation assumptions for the DRS evaluation.
Proposal 3: RAN4 should discuss one-shot cell detection assumption and definition.
Proposal 4: RAN4 should discuss one measurement requirements and need for time domain averaging.
Proposal 5: RAN4 should consider higher SNR operating point when defining cell detection measurement requirements for LAA cells.
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7 Appendix 

Table 1: Simulation assumptions
	Parameters
	Values

	Carrier frequency
	5 GHz

	Interference 
	White Gaussian

	System Bandwidth
	20 MHz

	Cyclic prefix
	Normal

	Propagation channel
	2x2 EPA 5Hz, spatially uncorrelated

	Reference Signals used for RRM
	CRS within LAA-DRS, with 1 occasion

	Antenna usage for RRM
	2Tx – 2Rx

	RSRP Measurement Period
	1ms

	RSRP Measurement BW
	6PRBs and 25PRBs

	DRS occasion periodicity
	40ms


